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用。但 PAEK-C 在目前常用的几种航空级环氧树脂(EP)中溶解较快，使其在 RTM
工艺制备大型、厚壁、复杂复合材料制件的过程中易出现因树脂体系粘度上升过
快而导致注胶、充模困难的现象。本文以 PAEK-C 为基础，研发一种新型环氧树
脂来匹配该 PAEK-C 离位增韧体系，以期运用离位增韧技术与 RTM 工艺制备
PAEK-C/EP/CF 复合材料。 
本文主要研究了新型 EP 及 PAEK-C/EP 复合树脂体系的流变性能，基体树
脂的力学性能及耐热性能，采用倒置热台显微镜和扫描电子显微镜观察复合树脂
体系的微观相结构。对碳纤维(CF)复合材料 PAEK-C/EP/CF 进行 GIC（张开型测
试）、GIIC（剪切型测试）和 CAI（冲击后压缩强度）力学性能评价，结合复合材
料层合板微观结构分析 PAEK-C 增韧机理。 







形貌进行观察，PAEK-C 含量为 5phr 时，PAEK-C 以海岛结构分布在连续的 EP
相中，当含量为 20phr 时发生了相反转，形成了典型的“核-壳”双连续相结构。 
PAEK-C/EP/CF复合材料的GIC由增韧前的 329.6J/m
2提高到426.4 J/m2， GIIC
由 1190.5J/m2 增加到 1927.1 J/m2，CAI 由 196.2MPa 提高到 247.4MPa。复合材料


















Combining the Ex-situ toughening method with resin transfer moulding (RTM) 
process, the poly (aryl-ether-ketone) (PAEK-C) toughening system is most extensive 
and accepted in aerospace applications. However, PAEK-C is dissolved quickly in 
several commonly used epoxy resin (EP), which leads to the viscosity of the resin 
system increasing dramatically in RTM process. And because it is difficult to inject 
with high viscosity, the modified system is not applicable to large, thick-walled, 
complex composite system. Based on the PAEK-C, a novel EP resin system was 
proposed for compatible to the Ex-situ toughening system . 
Firstly, the rheological behavior of EP resin and PAEK-C /EP composite system 
was studied by isothermal rheology, meanwhile, the thermal and mechanical 
properties of the resin matrix were studied. Secondly, the phase behavior of 
toughening resin system was observed in real time via hot-stage microscope and the 
phase structure was further confirmed with SEM. Finally, the GIC, GIIC and CAI value 
of carbon fiber reinforced composite were tested to analyze toughening mechanism of 
PAEK-C/EP/CF composites combined with its SEM microstructure. 
PAEK-C/EP system was studied by isothermal rheology, of which the results 
showed that the viscosity of the resin system rose with increasing PAEK-C content. 
With higher temperature, the initial viscosity of the system decreased, while the time 
of the viscosity suddenly increased shortened. Results showed that the toughness of 
resin system increased greatly, but the thermal resistance decreased slightly with the 
decreasing TGDMA content via the analysis of mechanical and DMA test. 
Results showed that a clear phase separation occurred between PAEK-C and EP 
in the toughening resin system via hot-stage microscope. The fracture morphology of 
PAEK-C/EP resin castings was further observed by SEM. When the content of 
PAEK-C was 5phr, the PAEK-C distributed with the island structure in the continuous 















"core-shell" co-continuous structure with the content of PAEK-C increasing to 20phr.  









 and 247.4MPa respectively. 
Furthermore, co-continuous structure was also formed between the composite 
material layers. It could exhibit a good toughening effect. 
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